Mechanical Property of Highly Purified Vanadium Alloys under Ion Irradiation by K. Fukumoto et al.
200C Irr. -Zr treated
device.
o
lon-Irr.
o0.04
E
.
.
0.02 .....L::.---->lO<...........-'------1
a •••••••
- ..
....J
"0
S
Fig.2: ofion-irradiated
NIFS-Heat2 with orwithout Zr-treatment.
Figure2 shows the results of hardness changes for ion-irradiated
alloys. In unirradiated samples, the decreases of
hardness in Zr-treated alloys due to impurity extrusion can be seen.
The difference of hardness between as-received and Zr-treated
ones disappeared at 2000C irradiation condition As increasing
irradiation tempera1ures, the difference between as-received and
Zr-treated ones gradually appeared. At 200°C irradiation, the
impurities do not aggregate in defect clusters because their
migration is not enough high to do aggregate inside defect clusters.
As irradiation temperature increases, the deference ofmigration of
impurities resulting from the impurity concentration significantly
increases and radiation hardening in as-received specimens is
larger than that in ones. Therefore, the reduction of
impurities in V-4Cr-4TI is strongly effective to lower the
irradiation hardening at low temperatures from 250 to 400°C.
There is another mechanism of irradiation hardening below
200°C irradiation, poSSIbly 11 aggregation around defect clusters.
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Fig. 1: Typical Ud-d plots for irradiations at 200°C
together with that ofunirradiated specimen.
Typical Ud-d plots for irradiations at 200°C in Fig. 1together with
that ofan unirradiated specimen. The unirradiated specimen shows
good linear relation between Ud and d. In the irradiated specimens,
however, the plots do not show linearity but show sudden drop. The
sudden penetration is similar to so called pop-in phenomenon that is
connected with the breakthrough of the hard film. Based on the
previous study, we can estimate the true hardness ofirradiated area
below 200nm depth ofirradiated specimens.
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A V-4Cr-4TI alloy has been identified as candidate materials for
the first wall and blanket structure offusion materials. However, it
has been reported that significant radiation hardening and
embrittlement oco.nred in V-4Cr-4TI irradiated by neutrons for
1()()..4()(fC below a few displacements per atom (dpa). The
radiation-induced loss of ductility and
embrittlement at <4OOOC may be attributed to high densities of
fine defect clusters and fine precipitates containing C, 0 and N.
The interstitial impurity in vanadium alloys is concerned with the
defect cluster foonation process as a nucleation site during
irradiation and causes the high irradiation hardening. The
reduction ofthese elements is expected to improve the radiation
resistance of the alloys at low temperature and reduce the
activation drastically. The objective ofthis work
is to make clear the impurity effects for mechanical properties and
to get insight ofthe correlation between the mechanical properties
and microstructural evolution in ion-irradiated V-4Cr-4TI alloys.
In order to reduce the interstitial impurity from vanadium alloys, a
Zr- treatment method were used because of its capability for high
purification in vanadium alloys.
The V-4Cr-4TI alloys used in this study were produced by NIPS
and Taiyo Koko Co. and designated as the and 2[1].
The interstitial impurity concentrations in this alloy were
approximately 130-180 wppm 0, 7(}.100 wppm N and 60 wppm C.
The annealing conditions are l100°C for 2hrs, for NIPS-Heatl. In
order to reduce impurity concentration in these alloys, a zirconium
foil scavenging treatment (Zr-treatment) was employed. A sheet of
an alloy with a thickness of about 1 mm was sandwiched with a
pair ofzirconium foils and rolled together in a single pass to fonn a
ZrN-alloy/Zr clad. The sandwiched specimens between zirconium
were annealed at ll000C for 2hrs in vacuum. After annealing, the
layer ofzirconium was removed by chemical polishing. The disks
of3 mm diameter were punched out from the sheet and annealed at
6Q()OC for Ihr in order to remove incursion of hydrogen during
chemical polishing. Ion irradiation experiments were perfonned in
IMR. Tohoku Univ. The projectile ions were 4MeV OJ ions. The
irradiation doses were O.ldpa at the depth of 800nm from the
surface with the dose rate of 10-4 dpa/s. The irradiation temperatures
were 200, 300 and 400°C. The irradiation environment was
vacuum of Ix 10-4 Pa After the ion irradiation, load
indentation testing was perfonned on irradiated specimens, using a
Berkovich diamond indenter at a maximum load in the range from
1 to 50 mN, on an illv1IS-2000 instrumented micro-indentation
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